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THE  PURINES  AND  PURINE  METABOLISM  OF  SOME 
TUMORS  IN  DOMESTIC  ANIMALS.* 
BY  ESMOND  R.  LONG. 
(From the Pathological  Laboratory  of  the  University  of  Chicago, Chicago.) 
The  experiments  here  reported  were  performed  in  connection 
with another series of similar design, already reported,  1 upon tumors 
in man.  In this publication it was shown that the purines found on 
hydrolysis of  both  benign  and  malignant tumors are  the  same  as 
those found in normal tissues,  and exist in much the same relative 
proportions.  The  proportion  of  the  total  nitrogen  of  the  tumors 
c-onstituted by purine nitrogen was  found to be less than was to be 
expected  from the  histological evidence of the  amount of  nuclear 
material present.  The purine enzymes of the tumors seemed to be 
the same as those of the normal tissue from which the tumors were 
derived, but secondary tumors in the liver did not acquire the char- 
acteristic purine enzyme, xanthine oxidase, of that organ in man. 
As the distribution of purine enzymes is not the same in  the or- 
gans  of  different  species,  it  was  thought  advisable  in  connection 
with  the  experiments  upon  human  tumors,  to  examine  animal 
tumors  for  comparison.  It  will  be  recalled  that  the  following 
enzymes  are  concerned  in  nucleoprotein  metabolism:  nucleases, 
which split nucleic acid from its protein combination, and break the 
acid down into its constituents, liberating the two purines,  guanine 
and adenine; guanase,  which converts guanine into xanthine;  ade- 
nase, which converts adenine into hypoxanthine; xar~thine oxidase, 
which converts xanthine, and possibly hypoxanthine, into uric acid; 
and uricase, which breaks up the uric acid into non-purine substances. 
It  has  recently been  shown by  Amberg and  Jones  2 that  besides 
these there are enzymes capable of splitting up nucleic acid in such 
a way that xanthine and hypoxanthine are formed from the guanine 
and  adenine  radicals,  respectively,  of  nucleic acid,  but  by way of 
* Received  for  publication, June 2,  1913. 
1 Wells, H. G.,  and Long, E. R., Ztschr.  f. Krebsforsch.,  1913, xii, 598. 
2 Amberg,  S.,  and Jones,  W., Ztschr.  f. physiol.  Chem., 1911, lxxiii, 407. 
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other  intermediate  products  than  gu,  anine  and  adenine;  in the  case 
of  xanthine,  from  guanosine  and  xanthosine,  and,  in  the  case  of 
hypoxanthine,  from  adenosine  and  inosine2  The  enzymes  which 
act upon these substances are guanosine  deaminase,  which converts 
guanosine,  a  product  of the action  of  a  nuclease,  into  xanthosine; 
and xanthosine hydrolase, which converts xanthosine into xanthine; 
adenosine  deaminase,  which  converts  adenosine,  produced  by  the 
action of a  nuclease, into inosine; and inosine hydrolase, which con- 
verts inosine into hypoxanthine.  The distribution of these enzymes 
appears to be very extensive. 
Nucleases appear to be present in all tissues.  Proof of their pres- 
ence  in  tumor  tissue  has  been  given  by Goodman, 4 who  found  in 
carcinomata  of the breast a  nuclease which  split up thymus nucleic 
acid.  Guanase  is widely distributed  in .the  organs of different  spe- 
cies.  The  pig only  has  difficulty in  disposing  of  its  guanine,  gua- 
nine gout being a  characteristic  disease of this  animal.  Adenase is 
much less widely distributed,  its occurrence  in human  tissues being 
disputed.  The  oxidizing  enzyme,  xanthine  oxidase,  is  usually 
found  in  the  liver,  and  occasionally  in  other  organs.  Uricase  is 
found  in  the  kidney  or  liver  of  all  mammals  investigated,  except 
man2  The  small  amount  of  investiffation  of  these  enzymes  in 
tumor tissue has already 'been summarized. 6 
The method of analysis used in the  following experiments  is that 
of Kriiger and  Solomon, in which the purines are precipitated  with 
copper  sulphate  and  sodium  bisulphi.te  and  then  isolated,  guanine 
and  xanthine  as .the  free bases,  and  adenine  and  hypoxanthine  re- 
spectively as the picrate  and  the  silver nitrate.  In  the  enzyme ex- 
periments the purine  under investigation  was added to an emulsion 
of  5o to  IOO grams  of +the fresh  tumor  tissue  in  5o.o  cubic  centi- 
meters of water,  rather  than to a  stained extract  of the tissue,  and 
kept at  3 8o  C.  This  method  is  disadvanfageous  in  that  thorough 
washing  is  nearly  impossible  in  the  filtration  from  tissue  prelimi- 
Levene, P. A.,  and Jacobs, W. A.,  Ber.  d.  deutsch,  chem.  GeseIlsch.,  19o8, 
xli, pt. 2, 27o3; 19o9, xlii, pt.  I, 335, pt. 2, 2469; 1911, xliv, pt.  I, 746. 
Goodman, E. I-I., Jour. Exper.  Med., 1912, xv, 477. 
5 For a detailed review of this subject the reader is referred  to Wells, It. G., 
Jour.  Biol.  Chem., 19o9-1o, vii, 171. 
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nary  to  the  separation  of  the  purines,  some  of  the  purines  being 
held  mechanically  in  the  pieces  of  tissue.  On  the  other  hand,  it 
possesses an advantage  in that the large anao.unt  of protein protects 
the  purines  from  harmful  change  in  the  reaction  of  the  medium 
during  autolysis,  and  also  probably  furnishes  a  higher  concentra- 
tion of enzyme ~than is obtaina'ble by the extraction method.  Tolu- 
ene  was used  as  the antiseptic. 
Repeated experience has  shown  that  under  the  conditions  of the 
following experiments  added purines  in the amounts  used are com- 
pletely  converted  in  the  presence  of  the  specific  enzymes,  in  the 
time  of incubation  allowed,  which  was  in  all  cases  about  fourteen 
days.  Therefore,  the presence of an enzyme is not considered con- 
elusively demonstrated  unless the added purine cannot be recovered 
at  all. 
PURINES  OF  ANIMAL  TUMORS. 
Tumor  I.--This  was  a  large 'tumor  of  the  testicle  in  a  bovine  cryptorchid. 
The  microscopic  appearance  was  that  of  an  endothelial  sarcoma  of  the  type 
frequent!y  seen  in  testicle  tumors  in  man,  with  an  abundant  stroma  and  very 
little necrosis.  1,315 gin. were hydrolyzed with dilute sulphuric acid until biuret- 
free.  The  solution  was  neutralized  with  sodium  hydroxide,  made  acid  with 
acetic  acid,  and  filtered  from  melanin.  The  total  nitrogen,  other  than  melanin 
nitrogen, the  purine  nitrogen,  and  the  amounts  of  the  individual  purines,  were 
determined and  found to be as  follows: 
Total  nitrogen per  I,OOO gin. of  fresh materiaI  ...............  21.63 
Per cent.  of total  nitrogen as  purine nitrogen  ...............  1.6I 
Purines  Recovered. 
Guanine  ..............................  o.416  gin.,  or  46  per  cent. 
Xanthine  .............................  o.15o gnl.,  or  17  per cent. 
Adenine  ..............................  o.229  gm.,  or  25  per  cent. 
Hypoxanthine  .........................  O.lO6 gin.,  or  12  per cent. 
The  bulk of  the  recovered  purines  thus  consisted  of  the  amino  purines, 
guanine and  adenine, as  usually  found  in  the analysis of  fresh  tissue, but  there 
was  a  considerable amount of  xanthine and  hypoxanthine. 
Tumor  2.--A  portion  of  a  large  tumor  in  the  kidney  of  a  pig was  stripped 
free  from the kidney tissue and  used  for  analysis.  The  microscopic findings in 
the  sections were as  follows: The  tumor  is  of  the  type  of  so called  embryonal 
adenoma  or  adenosarcoma  of  the  kidney.  It  is  chiefly  adenomatous  with  an 
abundant,  highly  cellular  stroma.  In  places  the  stroma  approaches  the  sarco- 
matous  type,  but  in  general  it  resembles young-fibrous tissue.  Tumors  of  this 
type  in  swine  have been  described in  detail  by  Day. ~  1,674 gin.  of  this  tumor 
~Day,  L.  E.,  Twenty~Fourth  Annual  Report  of  the  Bureau  of  Animal 
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were hydrolyzed with 7 per cent.  sulphuric acid until biuret-free,  and the hydro- 
lyzed material  was treated  as described  above.  The results  of analysis were: 
Total nitrogen per  I,OOO  gin.  of fresh material  ..............  23.45 
Per cent.  of total nitrogen as purine nitrogen  ...............  4.I9 
As  the  solution  resulting  from the  hydrolysis was  large,  it was  divided  into 
two  portions  for  the  s~paration  of  the  purines.  An  unexpected  result  was 
obtained.  The figures for the duplicates  were as  follows: 
A.  B.  Total. 
Guanine  .............  o.6Io gin.  0.588 gin.  I.I98 gin.,  or 37  per  cent. 
Xanthine  ............  0.390 gin.  0.436 gin.  0.826 gin.,  or 25  per cent. 
Adenine  .............  o  o  o 
Hypoxanthine  .......  0.602 gm.  o.6IO gm.  1.212 gin.,  or 38 per cent. 
Analysis  s of the purified  products fo~" nitrogen by the Kjeldahl method gave: 
Xanthine  .........................................  36.89 per cent. 
Calculated  ........................................  36.84 per  cent. 
Hypoxanthine  as  anhydrous  hydrochloride  ........  32.36 per cent. 
Calculated  ....................................  32.46 per cent. 
Apparently  the  nucleic  acid  or  acids  of this  tumor  contained  no 
adenine.  The  presence  of  large  quantities  of  xanthine  and  hypo- 
xanthine,  which  are  ordinarily  produced  secondarily  from  guanine 
and  adenine  by  deaminization,  is  hard  to  account  for  in  a  fresh 
tissue  showing  no evidence  of autolysis.  It is  possible  that  several 
of  the  so  called  mononucleic  acids,  i.  e.,  nucleic  acids  containing 
only  one  purine  base,  were  present.  We  have  in  inosinic  acid  a 
nucleic  acid  containing  hypoxanthine  as its  only purine  constituent. 
According  to  the  results  of  several  observers °  inosinic  acid  yields 
hypoxanthine  upon hydrolysis according to the  following equation: 
CloHI~N4OsP +  2H20  ---> C~H~N40 +  HbPO4 +  C5HloO~. 
In a  similar way guanylic acid contains  only guanine. 
It was,thought that determination  of the purine content of n6rmal 
kidney  tissue  would  throw  some  light  upon  the  situation.  There- 
fore  a  similar  analysis  of  some  normal  pigs'  kidneys  was  made, 
with  the  following  results,  905  grams  of  ground  tissue  stripped 
from pelvic  fat being used: 
s In order to avoid the possibility of error in the analysis of the hypoxanthlne 
fraction,  in  which  adenine  might  have  been  carried  along through  failure  of 
precipitation  with  picric acid,  and  subsequently  deaminized  by traces of nitrous 
acid in the nitric acid used, in all  operations involving a use of the latter a  few 
crystals of urea were added to destroy the nitrous  acid. 
9 Neuberg, C., and Brahn,  B., Biochem.  Ztschr.,  19o7, v, 438; Ber.  d.  deutsch. 
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Total  nitrogen per  I,OOO gin.  of  fresh  material  ..............  25.Ol 
Per cent. of total  nitrogen as purine nitrogen  ...............  3.27 
Purines  Recovered. 
Guanine  ..............................  o.524  gin.,  or 48  per  cent. 
Xanthine  ..............................  trace 
Adenine  ...............................  o.368  gm.,  or  33  per  cent. 
Hypoxanthine  .........................  0.2o7  gin.,  or  19  per cent. 
The melting point of the adenine picrate was 285 ° C.  This' result is in accord- 
ance with the usual findings of the purine base content of fresh tissues.  Xanthine 
is absent, while hypoxanthine is present in  relatively small amount.  Some seems 
to  be  found  in  all  tissues,  the  preformed  hypoxanthine  mentioned  by  Walter 
Jones and  his  co-workers. 
Other similar tumors of pigs' kidneys were secured with the idea 
of ascertaining if the observed peculiar features were at all constant. 
Tumor 3.--In  some sections, on  microscopic examination, no  vestige of  the 
original  kidney  tissue  is  seen.  In  others  the  tubules  are  widely  separated  by 
infiltration of  small  round  cells.  In  many respects the structure  resembles that 
of the leukemic kidney, but there is no marked  excess of leucocytes in the blood 
vessels outside the tumor.  There  is  some  hemorrhage,  but  no  necrosis.  Diag- 
nosis:  small  round  cell  sarcoma. 
950  gm.  of this tumor  were hydrolyzed and  analyzed as  usual. 
Total  nitrogen per  i,ooo gm.  of  fresh material  .....  : ........  23.52 
Per  cent. of total nitrogen as purine nitrogen  ...............  5.32 
Purines  Recovered. 
Guanine  ...............................  1.o2o gin.,  or 44  per  cent. 
Xanthine  ..............................  trace 
Adenine  ...............................  o.93I  gin.,  or 4I  per cent. 
Hypoxanthine  .........................  0.340  gin.,  or  15  per  cent. 
The  melting point  of  the  adenine picrate  was  283 ° C.  Here,  as  in  the  case 
of  the  normal  kidney,  the  result  is  quite  different  from  that  obtained  with  the 
adenosarcoma.  Guanine and adenine constitute 80  to 85 per cent. of the purified 
purines,  the  former being present in  slightly greater  proportion,  as  is  generally 
found.  The individual purines are found in relative proportions not far removed 
from those found in the normal kidney. 
Tumor 4.--Microscopically the  tumor  consists of irregular but  well  differen- 
tiated tubules with areas  with  a  tendency to papillary  formation, the cells being 
low columnar in type.  The stroma in  the immediate proximity of the tubules is 
of  the large  spindle cell type.  Between the groups  of  tubules  and  surrounding 
cellular  stroma  is  another  stroma  of  more  mature  connective  tissue  giving  an 
alveolar appearance to the entire growth.  Diagnosis: embryonal adenosarcoma. 
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analyzed as  usual,  with  the  following results.  The  figures  given  are  corrected 
/or the entire amount. 
Total nitrogen, per  i,ooo gin.  of  fresh material  ..............  20.45 
Per  cent. of total  nitrogen as purine nitrogen  ...............  5.9 
Purines  Recovered. 
Guanine  ..............................  o.597  gm.,  or 41  per  cent. 
Xanthlne  ..............................  0.o59  gin.,  or  4  per  cent. 
Adenine  ...............................  o.614  gm.,  or 42  per  cent. 
Hypoxanthine  .........................  o.119  gin.,  or  13  per  cent. 
The  identity of  the  adenine  picrate  was  made  certain  by  its  melting point, 
285 °  C.  So here  again  the  amino  purines predominate, and  adenine  makes  up 
the usual  share of the purine content. 
Thus of these several tumors, with the exception of one, all con- 
tained guanine and adenine in predominating amount, 7  °  to 85  per 
cent.,  ~anthine  only  in  small  amount,  and  hypoxanthine in  larger 
amounts.  The variation from the nuclein composition of the tissue 
from which the  tumor  was  derived was  not  great  in  the  case of 
tumors  of  the  kidney,  nor  was  the  relative  distribution  of  the 
purines different from that usually observed in  fresh tissue.  Neu- 
berg  ~°  has  found that  the  nucleoprotein of tumor  tissue  does  not 
differ in  quantitative  composition  from that  of tissues  in  general. 
No safe general conclusions can 'be drawn with regard to .the  first 
adenosarcoma studied, because of inability to repeat the result, but 
apparently its nuclein material was devoid of adenine and contained 
large amounts of xanthine ,and  hypoxanthine. 
The histological  appearance of .the  tumors of ,the  kidney corre- 
sponded  well  with  the  increase  in  nuclein  material  in  the  tumors 
over that  found in  the normal tissue,  as  found by  analysis.  The 
per cent. of total nitrogen present as purine nitrogen in the kidney 
was 3.27  per cen.t.  In  the first adenosarcoma, which histologically 
showed more nuclear material,  it  was  4.19  per  cent.,  while  in  the 
small round cell sarcoma, which was  much more cellular than the 
adenosarcoma, it was 5.32 per cent. 
PURINE  ENZYMES  OF  TUMORS. 
Experiment  L--This  was  the  endothelial  sarcoma,  No.  i,  described  above. 
In  all  the  following experiments an  emulsion  containing a  weighed amount  of 
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tissue  with  weighed  amounts  of  the  purines  in  toluene  water  was  kept  in  an 
air-tight bottle at 38  °  C.  for  fourteen  days  with  occasional shaking.  The  hydro- 
chloride  of  guanine  and  sulphate  of  adenine  were  used  and  the  purines  were 
recovered as  free guanine and xanthine, adenine picrate,  and hypoxanthine silver 
nitrate.  The  figures  given  are  calculated  for  the  free  purines;  this  custom  will 
be followed  for brevity's sake in the tables that follow.  The  analytical data  for 
this  experiment  were  as  follows: 
Tissue  Guanine  Guanine  Xanthine 
added,  recovered,  recovered, 
ioo  gin.  o.r57  gin.  trace  o.o96  gin. 
Tissue  Adenine  Adenine  Hypoxanthine 
added,  recovered,  recovered, 
IOO  gin.  o.I9I  gm.  o.IIO  gm.  0.045  gm. 
The  purines  chiefly  recovered  were  thus  xanthine  and  adenine.  A  small 
amount  of  hypoxanthine  was  also  recovered.  It  will  be  seen  in  the  analyses 
that this  is  regularly  formed  in  the  autolysis  of  tissues,  even  in  the  absence  of 
adenase.  According to Amberg and Jones, il hypoxanthine may be derived  from 
the  adenine  radicle  of  nucleic  acid  in  tissue  autolysis  without  passing  through 
the  adenine stage,  adenosine  and  inosine being the  intermediate products,  which 
are  broken  up  by  specific  enzymes.  Therefore,  it  may  be  concluded  from  the 
above data that guanase was present, as guanine could not be recovered,  its place 
being taken  by  xanthine,  and  that adenase  was  absent,  the  added  adenine  being 
recovered. 
A  separate  test was  made  for  the presence  of  the  oxidizing enzyme xanthine 
oxidase,  by  means  of  which  xanthine  is  converted  into  uric  acid.  IOO  gin.  of 
ground tissue were placed in toluene water  containing o.248 gm.  of xanthine and 
the mixture was kept at 38  °  C.  for  forty-four hours while  a  current of warm air 
was  sucked  through.  The  results  were  as  foIIows: 
Tissue  Xanthine  Xanth~ne  Uric  acid 
added,  recovered,  recovered, 
IOO  gm.  0.248  gin.  o,2o  4  gin.  o 
The  Horbaczewski  test  carried  out  upon  the  entire  amount  of  recovered 
purine  demonstrated the absence of uric  acid.  Evidently this tissue  did not pos- 
sess  xanthine  oxidase. 
Through  Dr.  Day it was  possible to  secure  for comparison  some  eryptorchid 
testicles.  The  microscopic  appearance  of  these  organs  was  that  of  undeseended 
testicle  with  the  usual  undeveloped  condition  of  the  germinal  epithelium  and 
hyperplasia of  the interstitial elements.  Tests  for  the  same  enzymes  were  made 
with  the  following  results: 
Tissue  Guanine  Guanine  Xanth,ine 
added,  recovered,  recovered, 
45  gm.  o.I57  gm.  o  o.II3  gm. 
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Tissue  Adenine  Adenine  Hypoxanthine 
added,  recovered,  recovered, 
45  gm.  o.121  gm.  o.o91  gin.  o.o45  gm. 
Again guanine  has  disappeared  and adenine  remained;  guanase  may  be  con- 
sidered present and adenase absent.  The  absence of xanthine oxidase was  dem- 
onstrated by the inability of  the tissue to  form uric acid  from  xanthine. 
Tissue  Xanth,ine  Xanth.ine  Uric  acid 
added,  recovered,  recovered, 
45  gm.  0.224 gin.  o.16o  gm.  o 
Thus the enzyme content of  the tumor  and normal tissue from  which it was 
derived,  was,  as  respects  the  enzymes  studied,  exactly  the  same,  guanase  being 
present,  and  adenase  and  xanthine  oxidase  absent,  in  both. 
Experiment e.--This was a  tumor  from the ovary of a  cow, weighing 1,25o gm. 
Microscopic examination showed it to be an endothelioma with very little stroma. 
The tests for the presence of guanase, adenase, and xanthine oxidase were made 
as  above.  The analyses  resulted  as  follows: 
Tissue  Guanine 
added, 
IOO  grn.  o.17o gm. 
Tissue  Adenine 
added, 
IOO  grn.  o.142  gm. 
With  Warm Air  Current for 
Tissue  XantMne 
added, 
I00  gin.  0.222  grn. 
Guanine  Xanth,ine 
recovered,  recovered, 
o  o.128  gm. 
Adenine  Hypoxanthine 
recovered,  recovered, 
o.o83  gm.  0.038  gin. 
Forty-Eight  Hours. 
Xanthine  Uric  acid 
recovered,  recovered, 
o.I4i  gin.  o 
The  recovery  of  xanthine was  low  because  of  tbe  great  difficulty in  filtering 
and  washing  in  consequence  of  the  presence  of  much  mucilaginous  material  in 
the  tumor.  However,  as  no  uric  acid  was  formed,--the  murexide  test  carried 
out  on  the  recovered  purines  was  negative,--it  may  be  assumed  that  xanthine 
oxidase was absent,  The tissue apparently contained guanase and lacked adenase, 
xanthine and  adenine being the  recovered purines.  Some  normal  cows'  ovaries 
were  obtained  for  comparison.  The  results  of  analyses  after  fourteen  days' 
incubation were as  follows: 
Tissue  Guanine  Guanine  Xantbine 
affded,  recovered,  recovered, 
lOO  gm.  o.157  gm.  o  o.182  gm. 
Tissue  Adenine  Adenine  Hypoxanthine 
added,  recovered,  recovered, 
IO0  gin.  O.I2I  gin.  o.065  gm.  0.009  gm. 
Tissue  Xanthtlne  Xanth~ne  Uric  acid 
added,  recovered,  recovered, 
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Unfortunately,  a  sample  of  .adenine hydrochloride  from  an  old 
stock had to be used  for this experiment.  It was  later  found to  be 
contaminated with  inorganic material.  This  accounts  for  the  low 
recovery of adenine.  However,  from the fact that o.o6 5  of a  gram 
of  adenine was  recovered  while  only a  trace  of  hypoxanthine was 
found  it  may  safely  be  concluded  that  adenase  was  not  present. 
Guanase was clearly present and xanthine oxidase absent.  So  here 
again the  tumor tissue  contained exactly the  same  enzymes, as  far 
as  tested,  as  normal  ovarian  tissue  from  which  the  tumor  was 
derived.  It  will be  noticed  that  the  enzyme content of  the  repro- 
ductive glands in both  sexes  of the  bovine, as  far  as guanase,  ade- 
nase, and xanthine oxidase are concerned, is the same. 
Experiment  3.--This  was  a  tumor  mass  in  the  liver  of  a  sheep,  weighing 
1,2oo gins.  Only a  small  amount  of  liver  tissue  remained.  The  microscopic 
appearance was  as  follows: It has  a  carcinomatous appearance with a  tendency 
to  papillary  formation.  The  cells  have  a  deep  staining cytoplasm~ with  much 
vacuolization, so  that the tumor bears  strong resemblance to  a  hypernephroma, 
but  the  appearance  is  not  at  all  incompatible with  the  findings  in  malignant 
adenoma of the liver, especially  in respect  to. the structure of the cytoplasm. 
The results  for  the  tumor were  as  follows: 
Tissue  Guanine  Guanine  Xanth,ine 
added,  recovered,  recovered, 
IOO  gm.  o.156 gm.  o  o.166 gm. 
Tissue  Adenine  Adenine  Hypoxanthine 
added,  recovered,  recovered, 
IOO  gm.  o.I5I  gm.  o  o.II  3 -}- gm. 
An accident occurred with the hypoxanthine fraction, reducing the  recovery 
by about a fifth. 
A cofltrol  containing the same ingredients in ~he same amount was  boiled one 
hour before incubation.  The results of  the  aoalysis were  as  follows: 
Tissue  Guanine  Guanine  Xanthlne 
added,  recovered,  recovered, 
ioo  gin.  o.I56  gin.  o.o95 gm.  o.o13 gm. 
Tissue  Adenine  Adenine  Hypoxanthine 
added,  recovered,  recovered, 
ioo gm.  o.I5I gm.  o.II2 gm.  o.oi9  gin. 
From these  data  it  is  clear  that  both guanase and  adenase  were  present  in 
the  tumor tissue, xanthine and hypoxanthine and no  guanine or  adenine being 
recovered  after  treatment of  guanine and  adenine with  the  fresh  tissue,  while 
guanine and adenine were  recovered  in quantity from  the  boiled control.  The 
traces of xanthine and hypoxanthine found in the analysis of the boiIed  control 
were probably present in the tissue before boiling. Esmond  R.  Long.  521 
Xanthine  oxldase  was  also  sought in this  tissue: 
Tissue  Xanth.ine  Xanth~ne  Uric  acid 
added,  recovered,  recovered, 
I00  gm.  0.224  gin.  0.3Ol  gm.  0 
Boiled  Control. 
I00  grn.  0.224  gm.  0.189  gm.  0 
The murexide test proved the absence of uric  acid  from the purlne recovered 
from the treatment with  the  fresh tissue.  The large  amount  of xanthine recov- 
ered is  probably to be explained  as  the result of  the active autolysis  in  a  tissue 
with  high nuclear content,  from  the guanine of  its nucleic  acid. 
The  liver tissue  from  which  the  tumor  had grown  was  also  examined,  with 
the  following  result: 
Tissue  Xanthine  Xanth~ne  Uric  acid 
added,  recovered,  recovered, 
IOO  gm.  0.224  gin.  o  0 
Boiled  Control. 
i00  gin.  0.224  gm.  0.182  gm.  0 
Xanthine was  recovered  almost  quantitatively  from the  boiled  control,  while 
r~either xanthine nor uric  acid could be recovered  from the experiment with the 
fresh  tissue..  The  addition  of  copper  sulphate  and  sodium  ~isulphite  to  the 
filtrate  from  the  tissue  after  incubation  failed  to  produce  any precipitate  what- 
ever,  showing the complete  absence of purines.  In  other words  the presence  of 
the enzyme which  destroys uric acid  as  well  as  that of  the enzyme  which  forms 
it from xanthine, seems hereto he demonstrated.  This is in agreement with the 
results  of  Battelli and  Stern,  TM  who  found  uricase  in ~he sheep's liver. 
The  same  liver  was  examined  for  the  presence  of  guanase  and  adenase. 
Guanase was  found,  but  for  some  unknown  reason  adenase  was  not.  This  was 
peculiar because a  second trial  made upon  a  normal liver demonstrated  its pres- 
ence perfectly. 
This  tumor  then  contained  both  guanase  and  adenase,  as  does 
normal sheep liver tissue, but differs from the latter in not contain- 
ing xanthine  oxidase.  It has already been shown  13 that  secondary 
tumors  growing  in  the  human  liver  do  not  acquire  the  enzyme 
xan,  thine  oxidase.  This  fact,  and  the  histological  resemblance  of 
the  tumor  to  a  hypernephroma,  suggested  the  possibility  of  rela- 
tionship  of  this  tumor  with  the  kidney  or  adrenal.  Accordingly 
these organs  from normal sheep were examined  for the presence of 
xanthine oxidase and adenase.  Both enzymes, however, were found 
12 Battelli,  F.,  and  Stern,  L.,  Biochem.  Ztschr.,  19o9,  xix,  219. 
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to be absent  from both  organs.  As  experience  with  other  tumors 
has  regularly shown that  where adenase is  absent  from the  normal 
tissue,  it is alsb not  found in the tumor growth,  it  is probable that 
the  resemblance  to  a  hypernephroma  was  purely  morphological, 
and  the  tumor  was  a  true  liver carcinoma,  which had  retained  the 
two  deaminizing  enzymes but had  lost  the  oxidizing  one. 
It is  interesting  to  note that  the  enzyme present  in  the  liver  and 
lacking in the tumor,  xanthine  oxidase,  is,  next  to uriease,  the  last 
of  the  purine  enzymes  to  develop  in  the  embryo.  Mendel  and 
Mitchell, ~4 and Jones and Austrian 15 have shown that  xanthine  oxi- 
dase is not present in the liver of the pig of 2oo mm.  or under, but 
appears  about  the  time  of  birth.  Wells  and  Corp.er  16  found  that 
xanthine  oxidase, present in the liver of the full term human infant, 
is not contained in the liver of the six months'  fetus.  It is probable 
that  a  similar  condition  obtains  in  other  animals,  for example,  the 
sheep.  The finding, .therefore, of this enzyme, which ordinarily ap- 
pears la4ce in the course of the development of an animal, in the normal 
liver,  and  the  failure  to  demonstrate  it  in  the  tumor  of  the  liver, 
are evidence, on chemical grounds,  of the embryonal nature  of this 
malignant  tumor,  corroborating  the  general  assumption  o.f  embry- 
onal nature of these tumors made on a  histological basis.  Also, the 
finding of a  difference 'between the enzyme content of these tumors 
and that of kidney and adrenal tissue, suggests that chemical studies 
may be of value  in  clearing  up the  disputed  question  of origin  of 
these tumors which histologically resemble hypernephromas. 
An  exactly  similar  tumor  could  not  be  obtained.  The  nearest 
approach to it which macroscopically bore resemblance to tumors of 
the renal .type is the next one to be described. 
Experiment 4.--This  was  a  smaller tumor  in. a  sheep's  liver.  Microscopically 
the tumor  is  a  tubular  carcinoma,  in structure  resembling  the so called bile duct 
carcinomata.  A  large  proportion  is  necrotic;  man.y  areas  of  calcification  are 
present.  The  tumor  tissue  consists  of  columns  of  epithellal  cells  with  some 
tendency  to lhe  formation  of  tubules,  between, which  is  a  moderate  amount  of 
stroma.  The tumor cells have small,  deeply staining,  solid nuclei with cytoplasm 
staining heavily with eosin, like the cytoplasm of liver cells, with no considerable 
tendency to vacuolization. 
14 Mendel,  L.  B.,  and  Mitchell,  P.  H.,  Am.  four.  Physiol,  19o7-o8,  xx,  97. 
15 Jones,  W.,  and  Austrian,  C.  R.,  four.  Biol.  Chem.,  I9O7, iii, 227. 
16Wells,  H.  G.,  and  Corper,  H.  J., four.  Biol.  Chem.,  19o9, vi, 469. Esmond  R.  Long.  523 
The  analytical data are as  follows, adenase  only being sought  for comparison 
with kidney  and  adrenal  tissue: 
Tissue  Adenine  Adenine  Hypoxanthine 
added,  recovered,  recovered, 
50  gm.  o.134  gin.  o  0.090  gin. 
Boiled  Control. 
50  gm.  o.134  gm.  o.13o  gm.  o.o12  gin. 
The hypoxanthine  fraction in the experiment with the fresh tissue was treated 
with urea to prevent deaminization of any adenine possibly present,  in the use of 
nitric  acid,  and  recrystallized  as  the  hydrochloride.  The  latter  was  made 
anhydrous  and  subjected to  analysis: 
Analysis  ................................  32.34  per  cent.  nitrogen. 
Calculated  for  C,H~N,OHC1  .............  32.47  per  cent.  nitrogen. 
Adenase  was  clearly present  in  this "tumor,  for  hypoxanthine  was  recovered 
in place of adenine in. the experiment, while adenine was recovered quantitatively 
from  the  boiled  control.  The  relationship  with  the  liver,  rather  than  with  the 
kidney or adrenal,  is thus  established. 
As  the  pig  differs  from  all  other  animals  in  its  difficulty  in  dis- 
posing  of  guanine,  some  pig tumors  were  studied. 
Experiment  5.--This  tumor  was  in  the  kidney  of  a  pig.  It  is  the  same  as 
tumor  2,  described  above.  Xanthine  oxidase,  adenase,  and  guanase  were  tested 
for  as  usual.  In  the  xanthine  oxidase  experiment  a  ~ fault  in  the  air  current 
permitted  the  suction  back  of  part  of  the  mixture  from  the  boiled  control  into 
the emulsion of fresh tissue, rendering a  composite analysis  necessary.  Xanthine 
was  recovered in quantity,  and no uric acid: 
Tissue  Xanth~ne 
added, 
ioo  gm.  0.230  gm. 
The  murexide  test  applied  to  the  recovered 
oxidase was therefore not present. 
Xanthine  Uric  acid 
recovered,  recovered, 
0.296  gin.  o 
xanthine  was  negative.  Xanthine 
The experiments with guanase  and adenine resulted as  follows: 
Tissue  Guanilae  Guanine  Xanth.ine 
added,  recovered,  recovered, 
5o  gin.  o.163  gm.  O.lO7 gin.  o.oo4  gm. 
Tissue  Adenine  Adenine  Hypoxanthine 
added,  recovered,  recovered, 
5o  gin..  o.128  gin.  o.o65  gin.  o.o8o gin. 
Boiled  Control. 
5o  gin.  o.163  gin.  o.o7.5 gin.  o.oo4 gm. 
5o  gin.  o.128  gin.  o.o81  gin.  o.o5o gm. 524  Metabolism  of  Tumors  in  Domestic  Animals. 
For some reason  the losses in analysis were  unusually  large  with this tumor, 
but  apparently  guanase  is  not  present, guanine  being recovered  from the  treat- 
ment  with  fresh  tissue  in  even greater  quantity  than  from  the  control,  while 
only traces  of xanthine  were  found  in  either.  The  results  with the  adenine are 
less sharp.  At least  it may be said that  the power  of  destroying  adenine, if it 
is  a  property  of the  renal  tissue,  is  not  great,  for  over  half  the  adenine  was 
recovered.  A  large  part  of  the high  hypoxanthine  recovery  of  course  comes 
from the tissue, which was rich in hypoxanthine  (page 515). 
The  effect of normal  kidney tissue upon xanthine,  guanine, and  adenine, was 
also studied, and  xanthine  oxidase,  guanase,  and  adenase  were  all  found  to  be 
absent.  Of  the  tissues examined  in  these experiments  pig  kidney  and  tumors 
derived  from it were the only tissues which did not contain guanas e. 
Experiment 6.--The sarcoma of the pig's kidney  (page 516) was also studied 
with respect to its enzyme content.  The results  were as follows: 
Tissue  Guanine  Guanine  Xanthine 
added,  recovered,  recovered, 
50  gin.  o.165 gm,  o.I76 gin.  o.o24 gin. 
Tissue  Adenine  Adenine  Hypoxanthine 
added,  recovered,  recovered, 
50  gin.  o.143 gin.  0.096 gm.  0.o6o gin. 
Boiled  Control. 
5o gm.  o.165 gm.  o.122 gm.  o.o15 gm. 
50 gin.  o.143 gin.  o.138 gin.  o.o21 gm. 
These  results  are  comparable  to  those  obtained  with  the  other 
tumor in  the pig kidney.  Clearly gu.anase  is  absent  and  adenase  is 
apparently  also  absent.  It  will  be  noted  that  in  both  cases  the 
recovery of guanine  was  greater  in  the  experiment  with  the  fresh 
tissue  than  in  that  with  the  boiled'control.  A  similar  experience 
was met with  in the  examination of the normal pig's kidney.  This 
feature  is  to  be  explained,  probably,  as  the  result  of  autolysis  of 
tissue  with  liberation  of  guanine,  and  inability  to  destroy  the 
guanine  in  the  absence  of  guanase.  Of  course  no  such  autolysis 
would take place in the boiled tissue.  The increased yield of hypo- 
xanthine over that found in the control in the absence of adenase  is 
possibly  the  result  of  decomposition of  the  adenine  radicle  of  the 
nucleic  acid  by  another  route,  namely,  by  way  of  adenosine  and 
inosine,  17  adenosine  deaminase  and  inosine  hydrolase  being  the 
enzymes concerned.  We have, however,  no experimental  proof of 
this  for the present case. 
These  results  seem to  show that  the  pig's  kidney  is  poorly pro- 
17 Amberg,  S., and Jones, W., loc. dt. Esmond  R.  Long.  525 
vided  with  purine  enzymes,  and  that  the  same  deficiency  is  to  be 
noted in .tumors derived from the kidney. 
The  distribution  of purine  enzymes as  determined  in  this  inves- 
tigation, may be summarized briefly as follows, +  meaning present, 
and --  absent. 
Tissue.  Guanase. 
Bovine 
Cryptorchid  ..................................  -q- 
Endothelial  sarcoma  from  cryptorchid  .........  q- 
Ovary  .......................................  -q- 
Endothelioma  of  ovary  .......................  -I-- 
Sheep 
LiverlS  ....  ..................................  -t- 
Kidney  ....................................... 
Adrenal  ...................................... 
Carcinomata  of  liver  .........................  -q- 
Pig 
Kidney  .......................................  -- 
Adenosarcoma  of  kidney  .....................  -- 
Sarcoma  of  kidney  ...........................  -- 
Xauthine 
Adenase.  oxidase. 




The  purines  of  tumors  are  generally  the  same  as  those  of  the 
normal  tissue,  chiefly guanine  and  adenine,  little  more  than  traces 
of  xanthine,  and  relatively  small amounts  of  hypoxanthine  being 
found.  No uric acid was found in the tumors  of this  series. 
In  one tumor,  an  embryonal  adenosarcoma  in  a  pig's  kidney,  a 
large amount of hypoxanthine,  and no adenine was found, while the 
yield of xamhine  was  also unusually  high.  This  result  cannot  be 
explained  at  present  on  experimental  grounds,  but  evidently  a 
nucleic  acid  complex  containing  no  adenine  was  encountered. 
Possibly hypoxanthine  was present in inosinic acid. 
The  purine  enzymes  are  generally  the  same  in  tumors  as in  the 
normal  tissue from which the tumors are derived.  This  fact some- 
times makes it possible to learn by chemical study from what tissue 
a  given kind of tumor is derived,  when the microscopic evidence is 
inconclusive. 
Although  the  liver  of  the  sheep  contains  the  enzyme  xanthine 
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oxidase,  it may be absent  from primary tumors in the sheep liver, 
as  it  has  also  been  shown  to  be  from  secondary  tumors  in  the 
human liver.  As xanthine oxidase is one of the last of the purine 
enzymes  to  develop  in  the  embryonal  organism,  its  absence  in  a 
malignant .tumor containing otherwise the same purine enzymes as 
the tissue  from which  it  is  derived,  is  evidence of  the  embryonal 
character of the tumor tissue. 
I  am indebted to Dr.  H.  G.  Wells  for many suggestions and  for 
the diagnosis of the pathological material, and to Dr. L. E. Day, of 
the U. S. Bureau of Animal Industry of the Chicago Stock Yards, 
for furnishing the material which made this investigation possible. 